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(57) ABSTRACT

A system that includes: multiple transistors that comprise a
first transistor that 1s maintained 1n a weak i1nversion state;
wherein sources of the multiple transistors are coupled to a
low current source; wherein drains of the multiple transistors
are coupled to a voltage supply source; a first amplifier that
has a positive input, negative input and an output; wherein the
positive mput recerves an input voltage; wherein the negative
input 1s coupled to a source of the first transistor; wherein the
output 1s coupled to a gate of the first transistor and to a
multiplication and subtracting circuit; a multiplication and
subtraction circuit that 1s coupled to the first amplifier and
outputs an output signal that equals a difference between the
input voltage and a product of a current reduction variable and
a voltage reduction signal; wherein the voltage reduction
signal 1s associated with a current reduction factor; wherein
the output signal 1s provided to a second transistor that 1s
maintained 1n weak inversion; and wherein the second tran-
s1stor outputs, 1n response to a reception of the output signal,
a current that 1s responsive to the pixel output signal, 1s
proportional to the low current and 1s 1nversely proportional
to the current reduction variable and the current reduction
factor.

23 Claims, 5 Drawing Sheets
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Multiplying a voltage reduction signal that is proportional to an absolute temperature of the
mulitiplication and subtraction circuit. 621
QOutputting, by a first circuit of the multiplication and subtraction circuit, during a first phase, an
intermediate signal of a first value, 622
Outputting, during a second phase, an intermediate signal of a second value; wherein a
difference between the first and second values equals the product of the current reduction factor
and the voltage reduction signal. 623
Providing to the first circuit, during the first phase, a first input voltage. 624
Receiving, by the first circuit and during the second phase, a second input voltage; wherein a
difference between the first and second input voltages equals the voltage reduction signal. 625
Generating, by the first circuit, an intermediate current of a first value during the first phase. 626
Generating, during the second phase, an intermediate current of a second value; wherein a
difference between the first and second values of the intermediate current is responsive to a
difference between the first and second input voltages. 627
Generating a reference current by a current source of the first circuit; wherein the first circuit
further includes a current mirror, a first resistor and a second resistor. 628
Mirroring, during the first phase and by the current mirror, the reference current to provide an
intermediate current of a first value that flows through the second resistor. 629
mirroring, during the second phase and by the current mirror, a sum of the reference current and
a first resistor current to provide an intermediate current of a second value; wherein the first
resistor current is proportional to the difference between the first and second voltages; and
wherein a ratio between resistances of the second and first resistors equals the current reduction
variable. 630
providing a first circuit that includes an input node, a second switch connected between the input
| node and a positive input of a second amplifier, a first capacitors that is connected to the positive
input of the second amplifier; a first resistor connected between the input node and a negative
node of the second amplifier, a fifth current source connected to an input of a current mirror; a
second resistor connected between the ground and output of the current mirror, wherein the
output of the current mirror provides an output node of the first circuit, 631
Closing the second switch during the first phase and opening the second switch during the
=LUNIL) D Bt 8
Receiving, by the second circuit, the intermediate signal from the first circuit. 633
Outputting, by the second circuit and during the second phase, an output signal that substantially
equals a difference between the input voitage and the product of the current reduction variable
and the voltage reduction signal. 624
providing a second circuit that includes a third switch that is connected between the first input of
the multiplication and subtraction circuit and between an intermediate node; a fourth switch that
is connected between the intermediate node and an output node of the second circuit; a sixth
current source that is connected to the output node of the second circuit and to a drain of a
seventh transistor: a fifth switch that is connected between the drain and a source of the seventh
transistor; a second capacitor that is connected between the intermediate node and the gate of
the seventh transistor; and a third capacitor that is connected between the gate of the seventh
~{l A A0 g21] QUi 11 O A~ 4 ®
Closing the third and fifth switches during the first phase. 636
Opening the third and fifth switches and closing the fourth switch to start the second phase. 637
Converting, by the second circuit, an increment in a voitage level of the gate of the seventh
transistor introduced between the first and second phases to a decrement in an output voltage of
the second circuit. 638

620 FIG. 5
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METHOD FOR PROVIDING A VERY LOW
REFERENCE CURRENT

FIELD OF THE INVENTION

The mvention relates to methods for providing a very low
reference current.

BACKGROUND OF THE INVENTION

Multiple analog circuit, digital circuits and hybrid circuits
require low and even very low reference currents. A non-
limiting example of such a circuit can be a camera pixel that
operates at a current mode.

Highly stable reference current circuits are relatively
expensive.

There 1s a growing need to provide stable low reference
current circuits.

SUMMARY OF THE INVENTION

A system including: multiple transistors that include a first
transistor that 1s maintained in a weak 1nversion state;
wherein sources of the multiple transistors are connected to a
low current source; wherein drains of the multiple transistors
are connected to a voltage supply source; a first amplifier that
has a positive input, negative input and an output; wherein the
positive iput recerves an mput voltage; wherein the negative
input 1s connected to a source of the first transistor; wherein
the output 1s connected to a gate of the first transistor and to a
multiplication and subtracting circuit; a multiplication and
subtraction circuit that 1s connected to the first amplifier and
outputs an output signal that equals a difference between the
input voltage and a product of a current reduction variable and
a voltage reduction signal; wherein the voltage reduction
signal 1s associated with a current reduction factor; wherein
the output signal 1s provided to a second transistor that 1s
maintained 1n weak 1nversion; wherein the second transistor
outputs, 1 response to a reception of the output signal, a
current that 1s responsive to the pixel output signal, 1s propor-

tional to the low current and 1s iversely proportional to the
current reduction variable and the current reduction factor.

A method including: draining from a first transistor a first
reference current that equals a fraction of a first reference
current while providing to the first transistor, from a {first
amplifier, a first amplifier output signal that substantially
equals an mput voltage; wherein the first reference current 1s
connected to multiple (K) transistors that are connected 1n
parallel to each other and are connected to a current source
that provides the current to the transistor; wherein the mul-
tiple transistors includes the first transistor; wherein a gate of
the first transistor receives from a first amplifier a first ampli-
fier output signal that substantially equals an 1nput voltage;
generating, by a multiplication and subtraction circuit, a mul-
tiplication and subtraction circuit output signal that substan-
tially equals a difference between the first amplifier output
signal and a product of a current reduction variable and a
voltage reduction signal; supplying the multiplication and
subtraction output signal to a second transistor that 1s sub-
stantially equal to the first transistor and 1s maintained 1n a
weak 1inversion; so that the second transistor drains a current
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2

that 1s substantially equal to the first reference current after
being divided by product of the current reduction variable and

K.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description taken in
conjunction with the drawings 1n which:

FIG. 1 illustrates a voltage current characteristic of a tran-
sistor;

FIG. 2 illustrates a system according to an embodiment of
the invention;

FIG. 3 illustrates a multiplying and subtracting circuit
according to an embodiment of the invention; and

FIG. 4 and FIG. 5 illustrate a method according to an
embodiment of the mnvention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a voltage current characteristic of a tran-
sistor. When the transistor 1s in a weak 1nversion state there 1s
a linear relationship between the gate source voltage (Vgs) of
the transistor and a loganthm (Log,,) of its drain source
current (Log(Ids)). Curve 33 illustrates this linear relation-
ship.

Assuming that when the source gate voltage (Vgs) of the
transistor equals V1 21 then the logarithm of its drain source
current (Log (Ids)) equals I1 11, when the source gate voltage
(Vgs) of the transistor equals V2 22 then the logarithm of 1ts
drain source current (Log (Ids)) equals 12 12, when the source
gate voltage (Vgs) of the transistor equals V3 23 then the
logarithm of its drain source current (Log (Ids)) equals 13 13,
and when the source gate voltage (Vgs) of the transistor
equals V4 24 then the logarithm of 1ts drain source current
(Log (Ids)) equals 14 14. The linear relationships between
these values 1s represents by dl=k*dV. Wherein dl 1s the
current reduction factor and 1t equals 11/12=13/14, dV 1s the
voltage reduction signal and it equals (V2-V1) or (V4-V3).

Accordingly, 1f at a certain Vgs (denoted Vgs(a)) a transis-
tor (that 1s at a weak 1nversion state) generates (or drains) a
certain current (Ids(a)) then 1n order to generate a current that
1s a fraction of that certain current this transistor (or an equiva-
lent transistor) should be provided with a Vgs (denoted Vgs
(b)) that equals Vgs(a)-dV*N, wherein N 1s a positive num-
ber that 1s also referred to as a current reduction variable.

Vgs can be set by providing a certain voltage at the gate of
the transistor.

FIG. 2 1llustrates system 1 according to an embodiment of
the invention. FIG. 3 1llustrates a multiplication and subtrac-
tion circuit 500 of portion 2 according to an embodiment of
the mvention.

The system can be an integrated circuit, a camera, a light
sensor, a mobile device and the like. Conveniently, the very
low reference current 1s provided to one or more CMOP
pixels of a camera.

FIG. 1 illustrates system 1 as including a pixel array 2 that
1s connected to a controller 3 and a current reference module
4. Current reference module 4 can provide very low reference
current to one or more pixels of pixel array 2.

Current reference module 4 can include one or more (usu-
ally much more than one) circuits such as reference current
circuit 5.

Reference current circuit 5 can include a second transistor
(such as T2 222) or can be connected to a second transistor
that when recerving output signal 111 will drain a current that

equals (Low Current/(K*N)).
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Reference current circuit 5 can receive an input voltage Vin
that reflects the gate voltage of a transistor of a pixel when that
transistor drains a current that equals Low current. It can
output a voltage signal (Vout) that will cause such a transistor
to drain a current that equals (Low Current/(K*N)). Vin can
be, for example, an output signal of a pixel and can have a
value that equals a floating diffusion voltage (V1d) of a tloat-
ing diffusion node of a pixel such as a four pixel transistor that
illustrated 1n U.S. patent application Ser. No. 11/752,973,
filing date Aug. 13, 2007 titled “METHODS FOR READING
A PIXEL AND FOR WRITING TO A PIXEL AND A
DEVICE HAVING PIXEL READING CAPABILITIES

AND PIXEL WRITING CAPABILITIES” which 1s incorpo-
rated herein by reference.

Reference current circuit S includes mput node 10, first
amplifier Al 20, an array of K transistors (including transis-
tors suchas T1 30, TA2 30(2) and (K-2) other transistors such
as TAK 30(K)), first current source 11 40, multiplication and
subtraction circuit 300 and third amplifier A3 80.

Low current 140 1s drained by first current source 11 40 and
1s divided by a dual phase process.

During the first phase low current 140 1s drained from K
transistors that are connected in parallel to each other, thus the

current drained from a single transistor (such as first transistor
T1 30) equals (low current)/K.

During a second phase output signal 111 1s generated and
sent to second transistor 12 222. The value of output signal
111 1s set so that 1t will cause second transistor T2 222 to
output a fraction (1/N) of (low current/K). Thus, second tran-
sistor the drain source current Ids of second transistor 12 222
will equal (low current/(KxdIxN). Wherein N 1s a current
reduction factor and dl 1s associated with a voltage reduction
signal. Second transistor T2 222 i1s maintained at a weak
iversion mode.

Input node 10 recerves Vin 100 and provides it to a positive
input of first amplifier A1 20. A first transistor T1 30 1s
connected 1n parallel to a plurality (K-1) of transistors such as
transistors TA2 30(2)-TAK 30(K) that form an array of tran-
sistors 31. These transistors are also referred to as multiple
transistors.

First current source I1 40 1s connected to the sources of

cach of these multiple transistors.

First current source I1 40 drains low current 140. The
parallel connection of K transistors divides the current that 1s
drained from each transistor to (low current)/K. Thus, the
drain source (Ids) current of first transistor T1 30 equals (low
current)/K. The gate of first transistor T1 30 receives a voltage
that substantially equals Vin 110.

The negative input of first amplifier A1 20 1s connected to
a source of first transistor T1 30. The output of first amplifier
Al 20 1s connected to a gate of first transistor T1 30 and to
multiplication and subtracting circuit 500.

Multiplication and subtraction circuit 500 1s connected to
the output of first amplifier A1 20 and outputs a first amplifier
output signal (Sfa) 113 that equals a difference between the
input voltage (Vin 110) and a product of a current reduction
variable (N 135) and a voltage reduction signal (dV150).
Voltage reduction signal dV 150 1s associated with a current
reduction factor dl, as 1llustrated 1n FIG. 1.

Output signal (Vout) 111 1s provided to a second transistor
222 that 1s maintained 1n weak nversion. Second transistor
222 drains, 1n response to a reception of output signal 111, a
current (It2 224) that 1s responsive to pixel output signal Vin
110, 1s proportional to low current 140 and 1s inversely pro-
portional to current reduction variable 133 and current reduc-
tion factor dl.
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4

According to an embodiment of the invention voltage
reduction signal dV 130 1s proportional to an absolute tem-
perature of system 8. It 1s also referred to as Vptat.

A simplified illustration of multiplication and subtraction
circuit 300 1s illustrated 1n FI1G. 2. It includes multiplier 60,
subtracting circuit 70, as well as first t1ll third inputs 501-503
and output 504. First imnput 501 1s connected to an output of
first amplifier A1 20 to recerve first amplifier output signal
(S1a) 113. Second mnput 502 receives current reduction vari-
able (N) 155 and third input 503 receives voltage reduction

signal dV 150.

Multiplier 60 multiplies voltage reduction signal dV 150
by a current reduction variable N 1355 to provide a multiplier
output signal 160 that has a value of N*dV. Subtracting circuit
70 subtracts the multiplier output signal 160 from first ampli-
fier output signal (Sfa) 113 that substantially equals Vin 110.
Sta 113 1s supplied by first amplifier A1 20. Subtracting
circuit 70 outputs a multiplication and subtraction circuit
output signal 170 that substantially equals Vin—-(N*dV). Mul-
tiplication and subtraction circuit output signal 170 1s pro-
vided to third amplifier 80 to provide an output signal (Vout)
111 that substantially equals Vin—-(N*dV). In a sense third
amplifier 80 acts as a buller. While a positive input of third
amplifier A3 80 1s connected to an output of third amplifier A3
80 the negative mput of third amplifier A3 80 receives mul-
tiplication and subtraction circuit output signal 170.

Multiplication and subtraction circuit 500 includes first
circuit 600 that outputs, during a first phase, an intermediate
signal 560 of a first value and outputs, during a second phase,
an mtermediate signal 560 of a second value. A difference
between the first and second values equals the product of the
current reduction factor and the voltage reduction signal.

Conveniently, first circuit 300 receives, during the first
phase, input voltage Vin 180 of a first value (also referred to
as first input voltage). It receives, during the second phase,
input signal 180 of a second value (also referred to as second
input voltage). Wherein a difference between the first and
second 1nput voltages equals voltage reduction signal dV 150.

First circuit 600 1s fed by a variable current source VI 333
that generates an intermediate current of a first value during
the first phase and generates an intermediate current of a
second value during the second phase. A diflerence between
the first and second values of the intermediate current 1s
responsive to a difference between the first value (V1) and the
second value (V2) of input voltage 180.

First circuit 600 includes first current source 15 512, current
mirror 421, first resistor R1 414 and second resistor R2 5585.
Fifth current source I5 512 generates fifth reference current
Ire1d 513. During the first phase current mirror 412 mirrors

fifth reference current Irefd 513 to provide an intermediate
current IR2 166 of a first value that flows through second
resistor R2 555.

During a first phase second switch S2 410 1s closed and V2
180 (having first value V1) charges first capacitor 422 that 1s
connected between an input of second amplifier A2 420 and
the ground. R1 1s virtually shorted (assuming that the voltage
level at both inputs of second amplifier A2 420 1s equal to each

other. Thus—during the first phase the current that flows
through first resistor (IR1 177) 1s zero.

First resistor R1 414 receives input voltage Vin 180 on one

end and receives (when switch S2 410 15 open) the voltage of
first capacitor C1 422.

During the second phase current switch S2 410 1s opened

so that a voltage potential of (V2-V1) develops across first
resistor R1 414 and a current of IR1=(V2-V1)/R1 flows

through first resistor R1 414.
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Current mirror 412 mirrors a sum of the fifth reference
current (IS 513) and a first resistor current (IR1 177) to pro-
vide an intermediate current IR2 166 of a second value. Dur-
ing the second phase first resistor current IR1 177 1s propor-
tional to the difference between the first and second voltages;
and wherein a ratio between resistances of the second and first
resistors equals the current reduction variable.

Intermediate signal 560 1s provided to second circuit 700.
Second circuit 700 1s configured to recerve intermediate sig-
nal 560 from first circuit 600 and to output, during the second
phase, a multiplication and subtraction circuit output signal
170 that equals the difference between the input voltage and
the product of the current reduction variable and the voltage
reduction signal.

Second circuit 700 includes third switch S3 611, fourth
switch S4 612, fifth switch S5 813, second capacitor C2 652,
third capacitor C3 654, sixth current source 16 640, and
seventh transistor T7 650.

Third switch S3 611 1s connected between first input 501 of
multiplication and subtraction circuit 501 (to recerve Vin'
111) and between intermediate node 613. Fourth switch s4
612 1s connected between intermediate node 613 and output
node 888 of second circuit 700. Sixth current source 1s con-
nected to output node 888 and to a drain of seventh transistor
17 650. Fitth switch S5 813 1s connected between the drain
and a source of seventh transistor 17 650. Second capacitor
C2 652 1s connected between intermediate node 613 and the
gate of seventh transistor. Third capacitor C3 6354 1s con-
nected between the gate of the seventh transistor T7 650 and
output node 566 of first circuit 600.

Third and fifth switches (583 and S5) are closed during the
first phase and are opened during the second phase.

Second circuit 700 converts an increment 1n a voltage level
ol the gate of seventh transistor T7 650 introduced between
the first and second phases to a decrement 1 multiplication
and subtraction circuit output signal 170.

During a first phase third and fifth switches (53 and S5) are
closed and C2 652 and C3 6354 are set to 1imitial values. Then
S3 611 and S5 813 are opened and at this moment S4 612 1s
closed and output 170 equals Vdd while C2 and C3 maintain
their imtial values (obtained during the first phase. During the
second phase the intermediate signal 560 from first circuit

600 changes to (V2-V1)*R2/R1 and this affects second cir-
cuit 700 to output an signal that equals { VFD-(V2-V1)*R2/
R1}.

FIGS. 4 and 5 illustrate method 600 according to an
embodiment of the invention.

Method 600 can be implemented by system S of FIGS. 2-3.

Method 600 starts by stage 610 of draining from a first
transistor a first reference current that equals a fraction of a
first reference current while providing to the first transistor,
from a first amplifier, a first amplifier output signal that sub-
stantially equals an 1input voltage; wherein the first reference
current 1s connected to multiple (K) transistors that are con-
nected 1n parallel to each other and are connected to a current
source that provides the current to the transistor; wherein the
multiple transistors includes the first transistor; wherein a
gate of the first transistor recerves from a first amplifier a first
amplifier output signal that substantially equals an input volt-
age.
Stage 610 15 followed by stage 620 of generating, by a
multiplication and subtraction circuit, a multiplication and
subtraction circuit output signal that substantially equals a
difference between the first amplifier output signal and a
product of a current reduction variable and a voltage reduc-
tion signal.
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6

Stage 620 1s followed by stage 650 of supplying the mul-
tiplication and subtraction output signal to a second transistor
that 1s substantially equal to the first transistor and 1s main-
tained 1n a weak 1nversion so that the second transistor drains
a current that 1s substantially equal to the first reference cur-
rent after being divided by product of the current reduction
variable and K.

Stage 620 can include stage 621 of multiplying a voltage
reduction signal that i1s proportional to an absolute tempera-
ture of the multiplication and subtraction circuit.

Stage 620 can include: (1) stage 622 of outputting, by a first
circuit of the multiplication and subtraction circuit, during a
first phase, an intermediate signal of a first value; and (11)
stage 623 of outputting, during a second phase, an 1nterme-
diate signal of a second value; wherein a difference between
the first and second values equals the product of the current
reduction factor and the voltage reduction signal.

Stage 620 can include: (1) stage 624 of providing to the first
circuit, during the first phase, a first imnput voltage; and (11)
stage 625 of recewving, by the first circuit and during the
second phase, a second 1put voltage; wherein a difference
between the first and second mput voltages equals the voltage
reduction signal.

Stage 620 can include: (1) stage 626 of generating, by the
first circuit an intermediate current of a first value during the
first phase; and (11) stage 627 of generating, during the second
phase, an intermediate current of a second value; wherein a
difference between the first and second values of the interme-
diate current 1s responsive to a difference between the first and
second 1nput voltages.

Stage 620 can 1nclude: (1) stage 628 of generating a refer-
ence current by a current source of the first circuit; wherein
the first circuit further includes a current mirror, a first resistor
and a second resistor; (11) stage 629 of mirroring, during the
first phase and by the current mirror, the reference current to
provide an intermediate current ol a first value that flows
through the second resistor; and (i11) stage 630 of mirroring,
during the second phase and by the current mirror, a sum of
the reference current and a first resistor current to provide an
intermediate current of a second value; wherein the first resis-
tor current 1s proportional to the difference between the first
and second voltages; and wherein a ratio between resistances
of the second and first resistors equals the current reduction
variable.

Stage 620 can include: (1) stage 631 of providing a first
circuit that includes an input node, a second switch connected
between the mput node and a positive mput of a second
amplifier, a first capacitors that 1s connected to the positive
input of the second amplifier; a first resistor connected
between the mput node and a negative node of the second
amplifier, a fifth current source connected to an input of a
current mirror; a second resistor connected between the
ground and output of the current mirror; wherein the output of
the current mirror provides an output node of the first circuait;
and (11) stage 632 of closing the second switch during the first
phase and opening the second switch during the second
phase.

Stage 620 can include: (1) stage 633 of receiving, by the
second circuit, the intermediate signal from the first circuit;
and (11) stage 634 of outputting, by the second circuit and
during the second phase, an output signal that substantially
equals a difference between the input voltage and the product
of the current reduction variable and the voltage reduction
signal.

Stage 620 can also include: (1) stage 6335 of providing a
second circuit that includes a third switch that 1s connected
between the first input of the multiplication and subtraction
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circuit and between an intermediate node; a fourth switch that
1s connected between the intermediate node and an output
node of the second circuit; a sixth current source that 1s
connected to the output node of the second circuit and to a
drain of a seventh transistor; a fifth switch that 1s connected
between the drain and a source of the seventh transistor; a
second capacitor that 1s connected between the intermediate
node and the gate of the seventh transistor; and a third capaci-
tor that 1s connected between the gate of the seventh transistor
and an output node of the first circuit; (11) stage 636 of closing
the third and fifth switches during the first phase; and (111)
stage 637 of opening the third and fifth switches and closing
the fourth switch to start the second phase.

Stage 620 can include stage 638 of converting, by the
second circuit, an increment in a voltage level of the gate of
the seventh transistor introduced between the first and second
phases to a decrement in an output voltage of the second
circuit.

Stage 610 can include recerving the input signal from a
pixel that 1s configured to sense light and to generate a pixel
output voltage.

Variations, modifications, and other implementations of
what 1s described herein will occur to those of ordinary skall
in the art without departing from the spirit and the scope of the
invention as claimed. Accordingly, the invention 1s to be
defined not by the preceding illustrative description but
instead by the spirit and scope of the following claims.

We claim:

1. A system comprising:

multiple transistors that comprise a first transistor that 1s
maintained 1n a weak inversion state; wherein sources of
the multiple transistors are coupled to a low current
source; wherein drains of the multiple transistors are
coupled to a voltage supply source;

a first amplifier that has a positive mnput, negative input and
an output; wherein the positive mput recerves an input
voltage; wherein the negative mput 1s coupled to a
source of the first transistor; wherein the output 1s
coupled to a gate of the first transistor and to a multipli-
cation and subtracting circuit;

a multiplication and subtraction circuit that 1s coupled to
the first amplifier and outputs an output signal that
equals a difference between the input voltage and a
product of a current reduction variable and a voltage
reduction signal; wherein the voltage reduction signal 1s
assoclated with a current reduction factor:

wherein the output signal 1s provided to a second transistor
that 1s maintained in weak inversion:

wherein the second transistor outputs, in response to a
reception of the output signal, a current that 1s responsive
to the pixel output signal, 1s proportional to the low
current and 1s inversely proportional to the current
reduction variable and the current reduction factor.

2. The system according to claim 1 wherein the voltage
reduction signal 1s proportional to an absolute temperature of
the system.

3. The system according to claim 1 wherein the multipli-
cation and subtraction circuit that comprises a first mput, a
second 1nput, a third input and an output;

wherein the first input 1s coupled to the output of the first
amplifier to recerve the input voltage;

wherein the second input recerves the current reduction
variable;

wherein the third mput receives the voltage reduction sig-
nal;
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wherein the output signal of the multiplication and subtrac-
tion circuit equals a difference between the input voltage
and a product of the current reduction factor and the
voltage reduction signal.
4. The system according to claim 1 wherein the multipli-
cation and subtraction circuit comprises a first circuit that
outputs, during a first phase, an intermediate signal of a first
value and outputs, during a second phase, an intermediate
signal of a second value; wherein a difference between the
first and second values equals the product of the current
reduction factor and the voltage reduction signal.
5. The system according to claim 4 wherein the first circuit
receives, during the first phase, a first input voltage; and
receives, during the second phase, a second mput voltage;
wherein a difference between the first and second 1nput volt-
ages equals the voltage reduction signal.
6. The system according to claim 5 wherein the first circuit
generates an itermediate current of a first value during the
first phase and generates an intermediate current of a second
value during the second phase; wherein a difference between
the first and second values of the intermediate current 1s
responsive to a difference between the first and second input
voltages.
7. The system according to claim 6 wherein the first circuit
comprises a current source, a current mirror, a first resistor
and a second resistor; wherein the current source generates a
reference current;
wherein during the first phase the current mirror mirrors
the reference current to provide an intermediate current
of a first value that flows through the second resistor; and

wherein during the second phase the current mirror mirrors
a sum of the reference current and a first resistor current
to provide an intermediate current of a second value;
wherein the first resistor current 1s proportional to the
difference between the first and second voltages; and
wherein a ratio between resistances of the second and
first resistors equals the current reduction variable.

8. The system according to claim 4 wherein the first circuit
comprises an iput node, a second switch coupled between
the input node and a positive input of a second amplifier, a first
capacitors that 1s coupled to the positive input of the second
amplifier; a first resistor coupled between the input node and
a negative node of the second amplifier, a fifth current source
coupled to an input of a current mirror; a second resistor
coupled between the ground and output of the current mirror;
wherein the output of the current mirror provides an output
node of the first circuit; wherein the second switch 1s closed
during the first phase and opened during the second phase.

9. The system according to claim 4 comprising a second
circuit configured to receive the intermediate signal from the
first circuit and to output, during the second phase, the output
signal that equals the difference between the mput voltage
and the product of the current reduction variable and the
voltage reduction signal.

10. The system according to claim 9 wherein the second
circuit comprises a third switch that 1s coupled between the
first input of the multiplication and subtraction circuit and
between an intermediate node; a fourth switch that 1s coupled
between the intermediate node and an output node of the
second circuit; a sixth current source that 1s coupled to the
output node of the second circuit and to a drain of a seventh
transistor; a fifth switch that 1s coupled between the drain and
a source of the seventh transistor; a second capacitor that 1s
coupled between the intermediate node and the gate of the
seventh transistor; and a third capacitor that 1s coupled
between the gate of the seventh transistor and an output node
of the first circuit; wherein the third and fifth switches are
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closed during the first phase and are opened during the second
phase; wherein the fourth switch 1s closed during the second
phase.

11. The system according to claim 10 wherein the second

circuit converts an increment 1n a voltage level of the gate of 5

the seventh transistor introduced between the first and second
phases to a decrement in an output voltage of the second
circuit.

12. The system according to claim 1 further comprising a
pixel configured to sense light and to generate a pixel output
voltage; wherein the positive input of the first amplifier
receives an 1mput signal that equals the pixel output voltage.

13. A method comprising:

draining from a first transistor a first reference current that
equals a fraction of a first reference current while pro-
viding to the first transistor, from a first amplifier, a first
amplifier output signal that substantially equals an input
voltage; wherein the first reference current 1s coupled to
multiple (K) transistors that are coupled 1n parallel to
cach other and are coupled to a current source that pro-
vides the current to the transistor; wherein the multiple
transistors comprises the first transistor; wherein a gate
of the first transistor recetves from a first amplifier a first
amplifier output signal that substantially equals an input
voltage;

generating, by a multiplication and subtraction circuit, a
multiplication and subtraction circuit output signal that
substantially equals a difference between the first ampli-
fier output signal and a product of a current reduction
variable and a voltage reduction signal;

supplying the multiplication and subtraction output signal
to a second transistor that 1s substantially equal to the
first transistor and 1s maintained 1n a weak 1nversion; so
that the second transistor drains a current that 1s substan-
tially equal to the first reference current after being
divided by product of the current reduction variable and

K.

14. The method according to claim 13 comprising multi-
plying a voltage reduction signal that 1s proportional to an
absolute temperature of the multiplication and subtraction
circuit.

15. The method according to claim 13 comprising;:

outputting, by a first circuit of the multiplication and sub-
traction circuit, during a first phase, an intermediate

signal of a first value; and

outputting, during a second phase, an intermediate signal
of a second value;

wherein a difference between the first and second values
equals the product of the current reduction factor and the
voltage reduction signal.

16. The method according to claim 15 comprising:

providing to the first circuit, during the first phase, a first
input voltage; and

receiving, by the first circuit and during the second phase,
a second 1nput voltage;

wherein a difference between the first and second 1nput
voltages equals the voltage reduction signal.

17. The method according to claim 16 comprising:

generating, by the first circuit, an intermediate current of a
first value during the first phase; and

generating, during the second phase, an intermediate cur-
rent of a second value; wherein a difference between the
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first and second values of the intermediate current is
responsive to a difference between the first and second
input voltages.
18. The method according to claim 17 comprising:
generating a reference current by a current source of the
first circuit; wherein the first circuit further comprises a
current mirror, a first resistor and a second resistor:

mirroring, during the first phase and by the current mirror,
the reference current to provide an intermediate current
of a first value that flows through the second resistor; and

mirroring, during the second phase and by the current
mirror, a sum of the reference current and a first resistor
current to provide an intermediate current of a second
value; wherein the first resistor current 1s proportional to
the difference between the first and second voltages; and
wherein a ratio between resistances of the second and
first resistors equals the current reduction variable.

19. The method according to claim 18 comprising:

providing a first circuit that comprises an input node, a

second switch coupled between the mput node and a
positive mput of a second amplifier, a first capacitors that
1s coupled to the positive input of the second amplifier; a
first resistor coupled between the input node and a nega-
tive node of the second amplifier, a fifth current source
coupled to an mnput of a current mirror; a second resistor
coupled between the ground and output of the current
mirror; wherein the output of the current mirror provides
an output node of the first circuit; and

closing the second switch during the first phase and open-

ing the second switch during the second phase.

20. The method according to claim 18 comprising recerv-
ing, by the second circuit, the intermediate signal from the
first circuit and outputting, by the second circuit and during
the second phase, an output signal that substantially equals a
difference between the input voltage and the product of the
current reduction variable and the voltage reduction signal.

21. The method according to claim 20 comprising;:

providing a second circuit that comprises a third switch that

1s coupled between the first mnput of the multiplication
and subtraction circuit and between an intermediate
node; a fourth switch that 1s coupled between the inter-
mediate node and an output node of the second circuit; a
s1xth current source that 1s coupled to the output node of
the second circuit and to a drain of a seventh transistor;
a fifth switch that 1s coupled between the drain and a
source of the seventh transistor; a second capacitor that
1s coupled between the intermediate node and the gate of
the seventh transistor; and a third capacitor that 1s
coupled between the gate of the seventh transistor and an
output node of the first circuit;

closing the third and fifth switches during the first phase;

and

opening the third and fifth switches during the second

phase; wherein the fourth switch 1s open during the
second phase.

22. The method according to claim 21 comprising convert-
ing, by the second circuit, an increment in a voltage level of
the gate of the seventh transistor introduced between the first
and second phases to a decrement 1n an output voltage of the
second circuit.

23. The method according to claim 135 further comprising
receiving the mput signal from a pixel that 1s configured to
sense light and to generate a pixel output voltage.
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